The relationship between periodontology and orthodontics consists of a highly complex, bidirectional and close interaction that is nowadays characterized by controversial scientific opinions and clinical approaches. The relevant increasing number of adult orthodontic patients which in most cases present already-compromised periodontal tissues has markedly highlighted the potential of orthodontic treatment in enhancing or deteriorating periodontal health and also the outmost relevance of peculiar periodontal planning prior and during orthodontic treatment. Since the progress in adult orthodontics trend is rapid, there is also an increasing need for evidence-based protocols that might guide clinicians through a comprehensive, interdisciplinary and successful treatment. This chapter has been compiled with the aim of providing orthodontists, periodontists and general practitioners with sound evidence-based protocols and valid clinical approaches that have proven to be successful for numerous patients over long follow-ups. It is structured following the steps for a correct therapy management, starting from comprehensive examination and diagnosis to before and during orthodontic treatment considerations, and finally analysing the present state of new adult orthodontic technologies.
Introduction
Over the past three decades, the number of adult orthodontic patients has increased markedly. Recent surveys have reported that orthodontic treatment contributes to significant improvements in both professional and personal life, especially in adult patients who generally have undergone substantial loss of sustaining tissues, resulting in compromised function and aesthetics. Based on the new-found self-confidence, the majority of these patients suggest orthodontic treatment to friends and relatives. Therefore, orthodontic treatment seems to be a promising emerging therapy to be integrated into a multidisciplinary dental treatment approach.
Apart from establishing a functional occlusion and improving dental and facial aesthetics, one of the major objectives of orthodontic therapy is enhancement and maintenance of periodontal health. In adult patients, the altered periodontal health might result in teeth loss, altered function and compromised aesthetics. Most of these patients present a variety of problems, which include teeth overeruption, migration, traumatic occlusion, irregular interdental spacing, consumed occlusal surfaces, irregular occlusal planes and loss of vertical dimension. In such complex and challenging clinical situations, an interdisciplinary treatment is mandatory. Unfortunately, in everyday orthodontic practice, insufficient emphasis is placed on comprehensive diagnosis prior to orthodontic therapy with particular attention to periodontal health and to its control and maintenance throughout the therapy. All attempts of limited treatment, with poor consideration of the whole picture will result in failure, relapse and very often aggravation of the pathology. The careful control of periodontal pathologies before, during and after orthodontic treatment, along with functional rehabilitation and patient's compliance can provide the most satisfactory results and long-term stability.
We present herein our step-by-step approach on pre-orthodontic and orthodontic treatment of periodontally compromised patients, through several detailed clinical cases and clear scientific protocols. Moreover, we consider several important issues concerning the bidirectional interaction of orthodontics and periodontology and discuss ways to optimize it. Potentials and limitations of such interaction are reflected. Furthermore, we summarize scientific evidence and clinical expertise on different techniques aiming enhancement and acceleration of adult orthodontic therapy, leading to conclusions of high relevance in terms of an effective and efficient therapy.
Guided by sound scientific principles and constructive clinical experience, it is vitally important to keep in mind that adult patients with orthodontic needs require individualized and tailored treatment plans to meet both clinical success and patient's expectations. The information presented in this chapter is gathered by considering these aspects and with the hope of providing investigators and clinicians with solid bases for the state of art and potential future directions of interdisciplinary treatments.
Periodontal considerations prior to orthodontic treatment

Comprehensive diagnosis
As all medical treatments, dental therapies might have two approaches, which are referred to as 'causal' and 'symptomatic'. It is of utmost importance that when possible, these approaches are considered complementary, not as an alternative to each other. Therefore, in all cases when causal factors can be identified, the treatment should focus on addressing them first. If these approaches are followed, the symptomatic spectrum might be easier to treat or even disappear.
In oral-related pathologies, many etiological factors are recognized and widely accepted, whereas sometimes their precise effects and multifactorial influences are difficult to quantify. Nevertheless, the identification of potential causal factors is the fundamental part of any diagnostic process and should be performed through an accurate clinical visit.
In case of particular malocclusions, such as severe deep bite or crowding, the direct causative relationships and influences on periodontal health are evident. Such influences are determined primarily by the pathological traumatic occlusion and unfavourable position of the tooth inside the bone envelope, and secondarily, by favouring the plaque accumulation which results in progression of plaque-induced periodontal breakdown. This is not always the case for periodontal pathologies that trigger or predispose orthodontic problems. In the absence of a thorough clinical check and comprehensive causal diagnosis, numerous orthodontic symptoms might be wrongly treated without accounting for the underlying periodontal, often causative or predisposing factor. Such a situation is typically encountered in adult patient referring diastemas opening over time and teeth flaring (Figure 1a ). If no detailed clinical and radiographic checks were performed, neglecting the periodontal health, the orthodontic treatment alone would have aggravated the periodontal state, resulting in an iatrogenic damage and the post-treatment stability would have been questionable.
The clinical check-up itself should always be preceded by a detailed anamnesis for identification of potential risk factors. Thereafter, it should include compilation of a periodontal chart including all relevant periodontal indexes, general radiographic estimation and, when deemed necessary, a detailed radiographic assessment through series of periapical radiographs (Figure 1b) .
It is of utmost importance to consider the presence of highly compromised periodontal health in young patients as an indicator that might suggests need for further laboratory and genetic analysis in order to identify potential risk factors to periodontal pathology or important systemic pathologies (Figure 1c ).
In terms of ethology, it is well established that periodontitis is a multifactorial condition and apart from microbial and environmental factors, its progression is determined also by genetic susceptibility [1] . Epidemiologic data suggest that approximately 10-15% of populations are susceptible to a quick progression from gingivitis to periodontitis which can hardly be explained by solely microbiological or external factors [2, 3] . Numerous genetic polymorphisms have been characterized and recognized to play a role here [4] . While the influence of genomic testing on non-surgical periodontal treatment outcomes has been recently questioned [5] , it should be kept in mind that its consideration remains highly important for prevention measures, early diagnosis and better individualized treatment protocol. Moreover, when integrated into a multifactorial diagnostic scheme, it allows for a comprehensive estimation of risk factors. To-date epidemiological evidence is limited and further investigation is required in order to thoroughly understand the nature of this association and its clinical implications [3] . Nevertheless, since full genome sequencing is feasible, phenotypic and genotypic data can be used to improve 'personalized' treatment and public oral health [6] . Apart from genetic influences, other risk factors such as diabetes, smoking and stress should also be considered, controlled and integrated into the overall treatment plan. The destructive effects of smoking on periodontal tissues have long been recognized, and recent biochemical and genetic studies have clarified direct and indirect pathways of this association [7, 8] . Levels of matrix metalloproteinase-8 (MMP-8), which is involved in periodontal destructions, are significantly increased in smoking patients. Additionally, immune response is modified and the pathogenesis of the disease is negatively affected [8] . A similar pattern is present in patients affected by type 2 diabetes mellitus suggesting that diabetic-smoker patients have increased periodontal breakdown and are prone to a more severe periodontitis [9] .
Multidisciplinary treatment plan
Oral functional and aesthetic rehabilitation in adult patients is a complex process that requires exhaustive scientific knowledge, extensive clinical experience and, in most cases, a multidisciplinary treatment planning. Independently of what the role of orthodontic therapy might be in the multidisciplinary frame, each tooth movement should initiate and be fulfilled in the presence of a healthy periodontium. It has already been demonstrated that if orthodontic treatment is conducted in the presence of periodontitis, it causes major bone destruction and clinical attachment loss (Figure 2a, b) .
General treatment guidelines for orthodontic patients with chronic periodontitis suggest initial non-surgical therapy for adequate plaque control and then revaluation [10] . It is purported that critical pocket depth for maintaining periodontal health with no need for surgical intervention is 4-5 mm, but this should be carefully estimated considering patient compliance on adequate oral hygiene and specific needs for regenerative therapy [11] .
The non-surgical periodontal treatment consisting of scaling a root planning results in gingival recession due to inflammation reduction (Figure 3a) . It is advisable to inform the patient in advance regarding this effect as it might compromise aesthetics. Following the classical approach, in case of persistence of infrabony defects of 4-5 mm deep after the initial periodontal therapy, the open flap debridement and regenerative treatment are carried out (Figure 3b-e ). Another more recent alternative approach at this stage is the performance of deep debridement and regeneration in a unique phase intra-surgically proceeded only by superficial debridement in order to avoid gingival recession and to have the possibility to reposition the soft tissues more coronally. This would allow for unaltered aesthetics and better root coverage, especially considering the fact that flap adaption is a crucial aspect of the healing quality (Figures 4a-g and 5a-g) . Despite the preferred approach, the surgical stage should be followed by a healing time before orthodontic therapy commencement. This period would allow for connective tissue stabilization and remodelling, restoration of health and evaluation of patient's compliance [12] . If the regenerative therapy is integrated into an ongoing orthodontic treatment, the compromised teeth should be immobilized through rigid splinting in order to stabilize the clot and the regenerative material throughout the healing phase. The regenerative therapy might follow several approaches, including open flap debridement, guided tissue regeneration (GTR) associated or not with different types of bone grafting, growth factors and more recently also stem cell-based therapy [13] [14] [15] . Utilization of mesenchymal stem cells in periodontal regenerative therapy has already resulted in promising outcomes that need to be further elucidated especially in terms of cell survival and efficient expression of programmed proliferative capacity to consent fully translation of mesenchymal stem cell-based therapy into clinical practice [15] [16] [17] [18] [19] [20] [21] [22] . Irrespective of the chosen regenerative approach, the orthodontic treatment that follows should aim for elimination of occlusal traumatic contacts and establishment of a functional occlusion, which is one of the major factors for maintenance of periodontal health. Dental implant therapy for tooth replacement is incorporated after a thorough treatment planning followed by the positioning of teeth and roots into correct positions. If implants are planned and inserted before the end of orthodontic therapy, they might also be used as an anchorage unit for facilitating the orthodontic treatment. Maintenance of periodontal health is of utmost importance also for implants success and survival. Patients susceptible to periodontal pathologies are more prone to peri-implant inflammation and implant failure. Potential prosthetic restorations are usually performed at the end of orthodontic therapy, aiming reconstruction of lost tooth tissues or replacement of missing crowns.
Most of adult patients suffer also from enamel and dentine excessive consumption especially at the cervical area, which results in highly compromised aesthetics, hypersensitivity and important discomfort [23, 24] . Treatment of these cervical, non-carious defects is mainly focused on hypersensitivity reduction [25] , whereas hard tissue reconstruction remains a controversial and challenging issue, especially considering the aetiology and progress of such pathology. Recent emerging technologies have proposed restoration of dental enamel using high repetition rate femtosecond lasers and novel iron-doped calcium phosphate biomaterials. During this procedure, the irradiated mineral transforms into a densified layer of acid-resistant iondoped β-pyrophosphate, which bonds with enamel and dentine surface of non-carious lesions [26, 27] . This promising technology is yet to be fully developed for optimal clinical usage.
Attempts in reducing duration of orthodontic treatment especially in adult patients have recently resulted in therapies combining surgical and non-surgical approaches to orthodontics. Even if surgical adjunctive therapies have been studied for many decades, their overall benefit is still questionable, whereas non-surgical approaches do not provide solid scientific bases for incorporation into everyday clinical practice [28, 29] . Careful consideration of patient-centred aspects, treatment time and overall cost-benefits must be performed for a thorough estimation of these approaches.
Each adult patient is a challenging situation that in the majority of cases requires the periodontal and orthodontic therapy for denture preparation and later prosthetic therapy for full rehabilitation. In almost all cases of mature patients, orthodontic treatment alone would not result in the best possible approach for oral functional and aesthetic rehabilitation and sometimes it would also deteriorate the overall state of oral health.
It should be bared in mind that all orthodontic movements are guided by a periodontal dimension that should be of primary consideration during treatment planning and application of orthodontic biomechanics. On the other hand, correct functional occlusion and ideal tooth position are one of the major prerequisites for maintenance of periodontal health.
Interrelationship between periodontics and orthodontics in adult patients
Periodontal considerations during adult orthodontic treatment
The presence of healthy periodontal tissues is of vital importance for undertaking any kind of orthodontic or prosthetic therapy. In adult patients, even if periodontal tissues might be reduced and have compromised sustaining capacity, they should be free of inflammation. All attempts in applying an orthodontic treatment on inflamed periodontal tissues will aggravate the periodontal state and result in an iatrogenic damage [30] .
Components of orthodontic appliances predispose aggregation of bacterial plaque which, if not properly controlled through accurate hygiene regimen, might trigger gingivitis or its conversion into periodontitis [31, 32] . On the other hand, when a thorough oral hygiene regimen is applied, gingivitis is easily controlled, and when no other periodontal tissues get involved, it seems to disappear in long term after appliance removal (Figure 5 ) [12, 33] . Periodontal short-term effects after orthodontic therapy remain controversial [34] , which suggest that in all cases orthodontic patients are at a higher risk for periodontal disease development. The increasing demand for orthodontic treatment and the occurrence of biofilm-related complications has positioned orthodontic treatment as a potential public health threat [35] .
Independent of whether the periodontal health is compromised or not, in all adult patients, particular attention should be paid to avoid when possible bulk elements such as bands or other orthodontic components placed close to gingival margin that apart from plaque retention might cause marginal gingival injury and attachment loss. In this respect, orthodontic treatments based on removable appliances or aligners permit unimpeded oral hygiene and result in better periodontal health [36] . Nonetheless, while these aligners behave superiorly in terms of oral hygiene maintenance and periodontal health, other important considerations, such as occlusal interferences, gnathologic effects and postural ones, must be made before applying them.
According to the 'bone envelope' theory, orthodontic tooth movement should be performed within an anatomically and functionally periodontal limited space which is in any case to be respected in order to obtain the desired movement. If the periodontal space is violated, its connective tissue might react through a series of mechanisms such as bone dehiscence and fenestration, gingival inflammation and gingival recession. Apical migration of the gingiva (gingival recession) has an unpleasant effect in both aesthetics and cervical dentinal hypersensitivity. It might be caused by periodontitis, gingival trauma and specific anatomical conditions such as tooth crowding or muscular inserts. It has been demonstrated that in cases of tooth movement beyond the 'alveolar envelope' such as uncontrolled orthodontic movement, the recession might arise immediately but also years after, resulting in unpleasant post-treatment effects [37, 38] . It has been reported that factors related to the development or progression of recessions in adult patients are the presence of pre-treatment recessions, thin gingival biotype, reduced width of keratinized gingiva and visual gingival inflammation [39] . Other features, such as gingival margin thickness smaller than 0.5 mm and vestibular incisor inclination (over 95°), have also been associated with higher incidence and severity of recession [40] .
In cases of pre-existing recessions, it is recommended that mucogingival interceptive surgery be accomplished before orthodontic therapy to maintain the width of keratinized gingiva in the long term [41] .
Every orthodontic movement induces remodelling and reorganization of periodontal tissues. It is demonstrated that light and continuous forces illicit non-destructive periodontal turnover, whereas heavy forces might result in necrotic periodontal tissue and further irreversible periodontal damage. Another consequence of these uncontrolled and heavy forces might be the root resorption, which is of extreme importance in teeth with reduced periodontium as further loss of periodontal support results in increased crown-root ratio and in compromised stability and aesthetics. Peculiar control of force levels has been outlined especially for orthodontic intrusion where the surface of force application is reduced. Intrusion also requires absolute control of inflammation and bacterial biofilms in order to avoid any aggravation or creation of infrabony defect and loss of attachment [42] [43] [44] [45] .
In most adult patients, the already-compromised periodontal tissue would need particular care in order to avoid further destruction and when possible aim for periodontal health enhancement.
Professional cleaning and examination of periodontal tissues should be performed routinely during the entire orthodontic treatment, following a personalized schedule that is determined by the individual risk factors and the specific treatment plan.
In all cases, orthodontic treatment should be suspended if patient fails to comply in maintaining the appropriate level of oral hygiene.
Orthodontics as a tool for periodontal health enhancement
Orthodontic therapy on adult patients has become particularly popular in the last few decades, following the general trend of the modern life where overall aesthetic enhancement has become one of the major priorities. However, orthodontic treatment as a corrective tool that eliminates pathologic migration of teeth on periodontally compromised patients had been suggested long time ago in the literature, by authors such as Neustadt [46] Dummett [47] and Scoop [48] . Later studies conducted principally on animal models confirmed the beneficial effect of orthodontic therapy on periodontal health. The results of these animal studies demonstrated that movements of teeth with infrabony defects in an inflammationfree environment result in elimination of the bone defect through creation of a long epithelial junction [49, 50] .
Extrapolation of animal studies' findings to human conditions has been questioned, mostly because of the specific pattern of attachment loss that occurs on humans [51] . However, it is well established that in the absence of periodontal inflammation, the biological process of bone resorption and apposition during orthodontic tooth movement might positively influence the healing of periodontal defects. Similarly, the positioning of teeth into correct occlusal relations, which allow for axial and physiological distribution of masticatory forces, results in reduced stress to periodontal tissues. Moreover, such an occlusal stability contributes in diminishing mesial migration of posterior teeth and related consequences such as incorrect interdental contact points, flaring of incisor teeth and diastema opening. All these clinical symptoms are typical in adult patients, in which the malocclusion is aggravated by chronic periodontitis, resulting in the establishment of a vicious cycle where the two pathologies contribute to the exacerbation of each other (Figure 6 ). If the therapeutic approach does not account for both pathologies and does not follow a correct protocol starting with periodontal therapy and stabilization, the final result and its maintenance are highly questionable.
The orthodontic therapy can contribute to the improvement of periodontal health through reduction of intraosseous defects or furcation lesions [52] [53] [54] [55] [56] . It can also help in reducing gingival recession, levelling uneven gingival margins or rebuilding missing interdental papilla [12, 57, 58] . However, as reported by several recent systematic reviews, despite the major interest in trying to understand the beneficial effect of orthodontic therapy on periodontal health, the orthodontic scientific evidence still leaks solid protocols in this field and human studies are poor both qualitatively and quantitatively [44, 45, 54] .
Post-orthodontic stability
Preservation of final orthodontic result is often considered as the third phase of overall orthodontic therapy and its major long-term goal. Post-orthodontic relapse has been mainly attributed to elasticity of gingival tissues that are compressed towards the direction of tooth movement. Considering this, the suggested retention period should exceed the time for remodelling of periodontal fibres, which usually ranges from 4 to 6 months [59, 60] . In order to enhance post-treatment stability attributed to soft periodontal fibres, many authors have suggested adjunctive interventions such as overcorrection, interproximal reduction or circumferential fibrotomy of supracrestal gingival fibres [61] . The variety of retainers is represented by the two big categories of fixed and removable ones. Scientific data report controversial opinions regarding the retentive method of choice for patients with reduced periodontal support. While the fixed retainer assures firm position and satisfying long-term stability, it does not allow for teeth to retain their physiological mobility, and in most cases, it impedes maintenance of good oral hygiene which is of fundamental importance for these patients [62] . In all cases, bulk fixed retentions that block easy access through interdental spaces should be avoided and patients should be given exhaustive instructions for appropriate oral hygiene maintenance (Figure 7) .
Finally, despite the importance of considering all periodontal and mechanical features of retentive devices, the authors of the present manuscript consider of primarily importance for long term retention a final orthodontic result that assures occlusal stability, meaning correct teeth positioning, physiological movement with no interferences or dislocating pre-contacts [63] . It is extremely relevant to recognize the importance of a good balance between static and dynamic occlusion and all related craniofacial structures represented by temporomandibular joint (TMJ) and the neuromuscular system for both oral rehabilitation and long-term stability. A final orthodontic result that respects these parameters is the best tool for physiological retention, with no need for external mechanical elements (Figure 8 ). 
